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Abstract. Previous studies examined the possibility to esti-
mate the aeolian aerodynamic roughness length from satel-
lites, either from visible/near-infrared observations or from
microwave backscattering measurements. Here we compare
the potential of the two approaches and propose to merge
the two sources of information to beneﬁt from their com-
plementary aspects, i.e. the high spatial resolution of the
visible/near-infrared (6km for PARASOL that is part of the
A-Train) and the independence from atmospheric contami-
nation of the active microwaves (ASCAT on board MetOp
with a lower spatial resolution of 25km). A global map of
the aeolian aerodynamic roughness length at 6 km resolution
is derived, for arid and semi-arid regions. It shows very good
consistency with the existing information on the properties
of these surfaces. The dataset is available to the community,
for use in atmospheric dust transport models.
1 Introduction
Aeolian aerodynamic roughness length in arid regions is a
key parameter to predict the vulnerability of the surface to
wind erosion, and, as a consequence, the related production
of mineral aerosol (e.g. Raupach et al., 1993; Marticorena
et al., 1997; Marticorena and Bergametti, 1995; Tegen et al.,
2000; Shao, 2001; Laurent et al., 2008; Todd et al., 2008).
Aerodynamicroughnesslengthisdeﬁnedastheheightwhere
the wind speed becomes zero, assuming a logarithmic wind
proﬁle. It affects both the quantity of potentially eroded ma-
terial and the minimum wind speed required to raise the dust
particles (Gillette and Passi, 1988). Physical models of min-
eral dust emissions have thus been developed based on an
explicit description of the main physical processes involved
during dust production (e.g. Marticorena and Bergametti,
1995; Shao, 2001; Alfaro and Gomes, 2001). They include
parameterizations of the erosion threshold as a function of
the surface roughness parameters. However, the use of such
physical models are limited by the availability of datasets
characterizing the surface features of the arid and semi-arid
areas, especially their aerodynamic roughness length (Lau-
rent et al., 2008; Darmenova et al., 2009). Recent dust model
intercomparisons (e.g. Uno et al., 2006; Todd et al., 2008;
Darmenova et al., 2009) emphasize the need for improved
dust emission modeling, along with their key input parame-
ters, including the roughness parameters, to accurately quan-
tify the role of mineral aerosol in a changing climate. Note
that the dust emission scheme requires parameters at spatial
and temporal scales relevant to dust emission: the aerody-
namic roughness length used by regional and global land sur-
face models are not relevant to the dust emission processes
(Darmenova et al., 2009).
The aeolian roughness length is difﬁcult to estimate, even
locally. In situ measurements usually consist in measuring
the wind velocity proﬁle from several anemometers on a
mast, in near-neutral stability conditions (e.g. Greeley et al.,
1997; MacKinnon et al., 2004). Marticorena et al. (1997)
and Callot et al. (2000) developed maps of aerodynamic
roughness length for North Africa and the Middle East,
based on a geomorphological approach that combines topo-
graphic data, geological information, aerial pictures, and in
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Fig. 1. Left panels: the PARASOL mean k1/k0 at 865nm over the 2007-2008 winter months (A), along with the variability of the k1/k0
(calculated as the standard deviation over the mean k1/k0 value in percentage) for the 2007–2008 winter months (B) and for the full 2007
year (C). Right panels: same for the ASCAT σ0 (D, E, F). Three regions (a, b, c) are selected – on (A) and (D) – for a further analysis of the
temporal variability (see Fig. 2). The regions cover the following areas: zone “a” from latitude 18 to 22, longitude 45 to 55, zone “b” from
latitude 25 to 27, longitude −5 to 0, zone “c” latitude 13 to 15, longitude −17 to 0.
situ observations. Satellite observations are an effective solu-
tion for a global homogeneous and systematic monitoring of
the arid and semi-arid regions. Radar observations are sensi-
tive to surface roughness, among other parameters. Greeley
et al. (1997) demonstrated a high correlation between z0 and
the radar backscattering using observations from aircraft and
from the Shuttle Radar Laboratory at 1.4 and 5.25GHz in
coincidence with ﬁeld measurements. More recently, Prigent
et al. (2005) derived global maps of aerodynamic roughness
lengths in arid and semi-arid regions from the scatterome-
ter measurements on board ERS. The estimates are provided
withaspatialresolutionof0.25◦ ×0.25◦,onamonthlybasis.
Thescatterometerspatialresolutionislimited(50km)butthe
observations are almost insensitive to atmospheric contami-
nation. Visible and near infrared observations are also sen-
sitive to the surface roughness. The basis of this estimation
has been established early (Lettau, 1969). This parameter has
been estimated from measurements with the POLarization
and Directionality of the Earth Reﬂectance (POLDER) in-
strument on board ADEOS I, ﬁrst over North Africa (Rou-
jeau et al., 1997; Marticorena et al., 2004), and then over
Asian deserts (Laurent et al., 2005). Given that the bidirec-
tional reﬂectance in arid regions decreases with the shad-
ing effect of roughness elements like stones and pebbles,
an empirical relationship is derived between the observed
bidirectional reﬂectances and the roughness estimates from
in situ measurements (Greeley et al., 1997) and from the ge-
omorphological maps (Marticorena et al., 1997). The lim-
itation of this method is the high sensitivity of the obser-
vations to clouds as well as to aerosols in the atmospheric
column, with severe impact especially in the regions that
are particularly productive in aerosols (see Fig. 1 in Lau-
rent et al., 2005). In addition, the very limited acquisition
period on both ADEOS 1 and 2 hampered the production
of global maps for the various seasons. However, compared
to scatterometer data, visible and near-infrared data can pro-
vide higher spatial resolution, below 10km resolution. Ex-
tensive modeling efforts have been directed toward a better
understanding of the mechanisms responsible for satellite re-
sponses of bare soil, in the visible/near infrared or in the
microwaves (e.g. Roujean et al., 1992 in the visible/near in-
frared, and Fung et al., 1992 in the microwaves). Although
the gross behavior of the surface observations can usually
be interpreted by simulations, it is difﬁcult to have satisfac-
tory agreement between the real observations and simula-
tions. The major problems are related ﬁrst to the difﬁculty
of a model to account for all the interactions between the
surface and potentially its subsurface and second to the difﬁ-
cultytodescribetherealsurfacecharacteristics,especiallyits
roughness. Our objective is to provide the aerosol modeling
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community with global maps of roughness length. For this,
we need to ﬁnd a practical relationship between the satellite
observations and the aeolian aerodynamic roughness length,
on a global basis for arid and semi-arid regions. A direct
statistical relationship will be established between the avail-
able reliable roughness length estimates and the two sources
of satellite observations that already showed a good poten-
tial to map roughness length at a global scale, namely the
visible/near-infrared reﬂectances (here from PARASOL) and
the scatterometer backscattering (here from ASCAT).
The satellite observations are presented in Sect. 2, along
with the in situ measurements used in this study. In Sect. 3, a
relationship is derived between the visible/near-infrared and
the microwave satellite observations and the in situ aerody-
namic roughness length, ﬁrst using the satellite observations
separately then merging them. Global results are presented in
Sect. 4 and are compared with existing land surface charac-
terization. Section 5 concludes this study.
2 Datasets
2.1 PARASOL visible/near-infrared satellite
observations
PARASOL is a wide-ﬁeld imaging radiometer/polarimeter,
launched in December 2004 (Tanr´ e et al., 2011). This mi-
crosatellite is part of the A-Train. PARASOL is similar to
the instruments POLDER-1 and 2 that were on the ADEOS
platforms; unfortunately the lifetime of both POLDER in-
struments was limited to less than one year.
PARASOL has 9 channels operating from the blue
(443nm) through the near-infrared (1020nm). The pixel size
is 5.3km×6.2km at nadir. In this study, observations at 443,
565, 670, 765, and 865nm are analyzed (the longer wave-
lengths are more sensitive to the atmosphere, without bring-
ing additional information on the surface characteristics).
The reﬂectances are ﬁrst calibrated. For land surface char-
acterization purposes, the signals are corrected from most
atmospheric effects, except aerosols and potentially unde-
tected clouds (Maignan et al., 2004; Leroy et al., 1997). A
semi-empirical bidirectional reﬂectance model is adopted, to
ﬁt the time series of the calibrated and corrected reﬂectances
(Roujean et al., 1992; Maignan et al., 2004): it combines the
directional reﬂectance of a ﬂat surface with randomly and
oriented protrusions with the contribution of the radiative
transfer within the vegetation canopy. This model is sim-
ple enough to require a limited number of observations per
pixels, and yet sufﬁciently complex to account for the ma-
jor physical processes at play. The bidirectional reﬂectance
is expressed by
R(θs, θv, φ) = k0 + k1 × F1(θs, θv, φ) + k2 × F2(θs, θv, φ) (1)
where F1 and F2 estimate the directional reﬂectance of a ﬂat
surface with protrusions and vegetation canopy, respectively;
k0, k1, k2 are the ﬁt parameters; and θs, θv, and φ are the solar
zenith, view zenith, and relative azimuth angles, respectively.
More details about this parameterization of the reﬂectance is
given in Maignan et al. (2004).
Monthly k0, k1, k2 parameters are provided for PARA-
SOL: a grid point has to be observed at least 5 times dur-
ing the month to be considered (each satellite overpass pro-
vides up to 16 successive measurements of the same tar-
get thanks to the multi-directional capabilities of the instru-
ment). Four years of PARASOL directional reﬂectances have
been analyzed (2005–2008). Following the modeling and
analysis by Roujean et al. (1992) and the study by Marti-
corena et al. (2004) and Laurent et al. (2008), the coefﬁ-
cient k1/k0 (called the protrusion coefﬁcient) characterizes
the surface roughness, although a direct and physical link
between this coefﬁcient and the aeolian aerodynamic rough-
ness length cannot be mathematically described at 6km pixel
size. Over arid regions, the protusion coefﬁcients are ex-
pected to be stable in time. However, our analysis evidences
that the k1/k0 coefﬁcients can undergo signiﬁcant variability,
especially during spring and summer months in the North-
ern Hemisphere. This is partly related to the presence of
aerosol in the atmospheric column at this time of the year
(no aerosol correction has been applied to the data). Marti-
corena et al. (2004) also observed this variability increase in
POLDER data and decided to use winter observations only
for their analysis of the aerodynamic roughness length. Fig-
ure 1 (left panels) shows the mean k1/k0 coefﬁcient for the
2007–2008 winter in the Northern Hemisphere (November
to February), along with the variability of this product over
the winter and over the full 2007 year at 865nm, for North
Africa and the Arabian Peninsula. The variability is calcu-
lated as the standard deviation of the k1/k0 over the mean
k1/k0, in percentage. Contrarily to POLDER (Laurent et al.,
2008), PARASOL provides quality data almost globally, dur-
ing the winter months. The k1/k0 coefﬁcient should be in-
dependent from the wavelength (Roujean et al., 1992). We
checked that the correlations between 670, 765, and 865nm
were high in winter (over 0.85), but lower during the rest of
the year, due to aerosol-related noise in the data. The k1/k0
coefﬁcients for the shorter wavelengths are much noisier, and
their correlation with the parameters at other wavelengths
is consequently decreased (below 0.7). For three different
zones – a sand desert area (a), a rocky desert region (b), and
a semi-arid zone (c) – in the studied area, Fig. 2 (upper pan-
els) shows the 2007 monthly mean time series of the k1/k0
parameters for PARASOL wavelengths. Missing data during
summer months are related to aerosol contamination during
the dust season. The largest variability of the shorter wave-
lengths is clear. In the third region (right), some variability
in the coefﬁcient can also be observed even at the longer
wavelengths: this variability cannot be clearly related to veg-
etation phenology, as it is out of phase with the Normalized
Difference Vegetation Index (NDVI) and the scatterometer
responses to the vegetation (lower panels). For this study,
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Fig. 2. Top panels: time series of the mean k1/k0 for all PARASOL wavelengths, for the three regions selected on Fig. 1 – (a)–(c), from left
to right panels – for 2007. Lower panels: similar time series of the ASCAT response at 5.25GHz along with the NDVI.
the 865nm observations during the 2007 winter months will
be used: the different channels are highly correlated, with
the 865nm presenting the lowest noise level. Other parame-
ters potentially related to the roughness have been examined,
such as a bi-directionality index that represents the difference
of the reﬂectances backward and forward over their sum, but
these parameters are very correlated with the k1/k0 coefﬁ-
cient (∼0.9 for the longer wavelengths), without any signif-
icant reduction in the noise level as compared to k1/k0.
2.2 ASCAT scatterometer satellite measurements
Active microwave observations over the entire globe have
been available since 1991, from the ERS scatterometer
at 5.25GHz (1991 to 2001), from QuickScat at 13.4GHz
(1999–2009), and more recently from ASCAT at 5.25GHz
on board the European meteorological satellite MetOp since
2006. In this study, ASCAT data are used. ASCAT is the im-
proved successor to the ERS scatterometer. Measurements at
5.25GHz are affected very little by the atmosphere, and no
contamination by the aerosols is expected. Two sets of three
antennas record the backscattering signals in different direc-
tions, two of them point perpendicularly to the satellite track
and the four others at 45◦ respectively two forward and two
backward, to make observations in two 500km wide swaths
on each side of the satellite ground track. The ASCAT pro-
vides measurements at 50km spatial resolution, sampled ev-
ery 25km. First, the data are gridded on an equal area grid
of 0.25◦ ×0.25◦ at the equator. For each grid cell, a linear
ﬁt between the ASCAT backscattering coefﬁcient σo and the
incident angle is calculated for a month and the ﬁtted value at
45◦ is kept, similar to the approach adopted for the analysis
of the ERS scatterometer in Prigent et al. (2005). This pre-
processing procedure is necessary as each grid cell is not ob-
served frequently enough under a single incidence angle for
a robust estimate for each angle separately. Figure 1 (right
panels) represents the mean value of the backscattering co-
efﬁcient at 45◦ for the winter 2007–2008 in the Northern
Hemisphere (November to February), for North Africa and
the Arabian Peninsula, along with the standard deviation of
the information over the winter and over the full year. The
scatterometer data are very stable over time in the arid re-
gions, with standard deviation of the order of the expected in-
strumentnoise(below0.5dB),inthearidregions.Oversemi-
arid regions, the scatterometer is sensitive to the presence of
even sparse vegetation, with an increase of the backscattering
σo with increasing vegetation density. This is conﬁrmed in
Fig. 2, with very stable responses in the two desert regions (a
and b), and a variability strongly correlated with the NDVI
changes over the semi-arid area in the sub-Sahelian zone (c).
2.3 In situ data
Two types of z0 in situ estimates are collected for compar-
isons with the satellite observations. These two sources of
data have already been adopted in Marticorena et al. (2004,
2006) and in Prigent et al. (2005). The ﬁrst source consists
of z0 estimates from wind proﬁle obtained by Greeley et
al. (1997) over Death valley, Nevada and Namibia. Since
many measurements are performed locally for each site, the
z0 mean value is computed for each one (G07 in Table 1).
The second type of z0 estimates is derived from the geo-
morphologic methodology developed by Callot et al. (2000)
for the Sahara and the Arabian Peninsula: it produces a map
at 1◦ ×1◦ spatial resolution. Homogeneous regions have al-
ready been selected from these geomorphologic estimates,
for comparisons with satellite data (M04 and M06 in Ta-
ble 1). In Marticorena et al. (2006), in situ z0 estimates
from both methods (in situ and geomorphological) have been
compared and they show very good agreement (correlation
of 0.90): the geomorphologic estimates are reported in Ta-
ble 1 for this campaign (M06 in Table 1). Xian et al. (2002)
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Table 1. Aeolian aerodynamic roughness length in situ estimates from pedological observations (Marticorena et al., 2004, M04 in the table),
and from wind proﬁle estimates (Greeley et al., 1997, G07; and Marticorena et al., 2006, M06).
lat. max long. min lat. min long. max z0 (cm) Ref. z0 from Parasol z0 from ASCAT
20.73 −9.73 20.30 −9.30 0.002 M04 0.0017 0.0082
31.60 7.00 31.23 7.42 0.002 M04 0.0041 0.0110
21.80 −7.70 21.33 −7.25 0.002 M04 0.0029 0.0074
31.65 8.56 31.22 9.05 0.002 M04 0.0068 0.0126
23.70 0.98 23.30 1.36 0.010 M04 0.0202 0.0131
26.20 −7.48 25.80 −7.30 0.025 M04 0.0305 0.0135
21.70 5.33 21.25 5.80 0.050 M04 0.0395 0.0171
21.66 4.33 21.35 4.80 0.050 M04 0.0507 0.0243
30.70 11.15 30.25 11.20 0.150 M04 0.1547 0.1804
30.16 10.75 29.75 11.20 0.150 M04 0.1819 0.2591
25.70 8.16 25.30 8.53 0.500 M04 0.4577 0.2606
33.60 −1.30 33.20 −0.80 0.873 M04 0.0688 0.0830
26.42 −4.90 26.30 −4.45 0.050 M04 0.0853 0.0852
25.70 8.16 25.26 8.62 0.500 M04 0.4577 0.2488
26.20 8.28 25.76 8.53 0.500 M04 0.5541 0.3499
33.63 2.88 33.20 3.50 0.347 M04 0.1600 0.0696
33.62 3.52 33.20 4.02 0.347 M04 0.2882 0.1430
26.98 −3.73 26.76 −3.15 0.131 M04 0.0816 0.0596
27.78 −8.72 27.46 −8.28 0.131 M04 0.1163 0.1140
28.68 2.67 28.15 2.92 0.087 M04 0.2986 0.2682
29.77 2.97 29.23 3.58 0.087 M04 0.2126 0.1951
23.83 −8.37 23.45 −7.62 0.017 M04 0.0388 0.0176
22.50 0.62 22.28 0.88 0.010 M04 0.0272 0.0127
−23.40 14.73 −23.6 14.93 0.023 M04 0.0832 0.0098
36.43 −116.90 36.23 −116.70 0.369 G07 0.5959 0.8412
38.38 −116.25 38.13 −116.00 0.015 G07 0.1298 0.3840
33.26 10.47 33.26 10.47 0.480 M06 0.1311 0.1449
33.45 9.24 33.45 9.24 0.250 M06 0.0272 0.0338
33.25 9.97 33.25 9.97 0.170 M06 0.2033 0.1658
performed z0 in situ measurements over the Gobi desert in
a valley of 400m width: we attempted to use this dataset as
well, but the spatial resolution of our satellite data and their
high sensitivity to orography made the comparison with in
situ measurements meaningless in such heterogeneous and
mountain environments. It has been veriﬁed that the aeo-
lian roughness lengths reported in Table 1 are also compati-
ble with results obtained in wind tunnels over bare surfaces
(Xian et al., 2002; Sherman and Farrell, 2008).
3 Relationship between satellite data and in situ
roughness measurements
The comparison between the satellite and the in situ obser-
vations is limited to a period of time when both satellite
data are available, with a quality compatible with our objec-
tive of estimating the roughness length. The Northern Hemi-
sphere winter 2007–2008 is selected: both PARASOL and
ASCAT data are available and PARASOL is little affected
by atmospheric aerosols during that season (see Sect. 2). We
are aware that the roughness length can undergo temporal
variability, related to vegetation, to agricultural activities, or
even to changes in dune patterns or to dust deposition follow-
ing an aerosol event. It is possible to have multi-temporal es-
timates of the roughness length from active microwaves (Pri-
gent et al., 2005), but due to the atmospheric contamination
for the visible observations over a long period of time dur-
ing the year, we will limit our analysis here to mean values
for the November–February period, when the atmospheric
contamination is minimum in the Northern Hemisphere. In
this section, the PARASOL observations are considered at
their nominal 6km spatial resolution, and the ASCAT data at
∼25km spatial resolution.
3.1 PARASOL data versus aeolian roughness length
Previous studies (Marticorena et al., 1997, 2004, 2006; Lau-
rent et al., 2005, 2006, 2008) evidenced the logarithmic re-
lationship between z0 and k1/k0 over arid surfaces. Figure 3
(upper panel) illustrates this log linear relationship between
z0 and PARASOL k1/k0 parameter at 865nm. When the z0
in situ estimates are not point measurements, but are repre-
sentative of an area, all PARASOL pixels within this area
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Fig. 3. Scatter plot of the selected z0 estimates (see Table 1) versus
the k1/k0 PARASOL coefﬁcient at 865nm (top panel) and the AS-
CAT σ0 (bottom panel). For PARASOL, bars indicate the standard
deviation over the area. The solid line indicates the regression line,
and the dashed lines the regression line plus and minus one standard
deviation with respect to the observations. Diamond shapes (1) for
Marticorena et al. (2004), squares (2) for Greeley et al. (1997), and
circle (3) for Marticorena et al. (2006).
are averaged (their mean and their std dev are indicated on
Fig. 3). We veriﬁed that similar regressions are obtained with
the other PARASOL channels that are highly correlated (see
Sect. 2). 56% of the variance is explained by this log linear
relationship. Note that the regression parameters estimated
in this study are similar to those obtained by Marticorena et
al. (2004) with POLDER, although the instruments and the
time periods are different.
3.2 ASCAT data versus aeolian roughness length
Greeley et al. (1997) showed the existence of a log linear re-
lationship between z0 and the backscattering σo at local scale
and Prigent et al. (2005) conﬁrmed it for the arid and semi-
arid regions, globally. The basis for this relation relies on a
high sensitivity of σo to the surface roughness when inci-
dence angle values are above ∼35◦. Other factors can inter-
ferewiththesignal,suchasvolumescatteringinsandydesert
or variations of the dielectric properties. The results from
Prigent et al. (2005) with the ERS scatterometer were very
encouraging and tended to show that the surface roughness
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Fig. 4. Scatter plot of the modeled z0 estimates using ASCAT and
PARASOL, versus the sorted in situ z0 values (see Table 1). Refer-
ence 1 for Marticorena et al. (2004), 2 for Greeley et al. (1997), and
3 for Marticorena et al. (2006).
dominates the signal in the arid and semi-arid regions. Fig-
ure 3 (lower panel) shows the log linear relationship between
z0 and σo for the ASCAT observations at 25km spatial reso-
lution, using the closest ASCAT 2007–2008 winter averaged
observations to the in situ measurement. This regression ex-
plains 72% of the σo variance. Despite the change in instru-
mentation (ERS to ASCAT), this relationship is very simi-
lar to the previously obtained one (Prigent et al., 2005), as
expected.
3.3 Merging PARASOL and ASCAT data to estimate
aeolian roughness length
Visible/near-infrared observations (PARASOL) can provide
z0 estimates at high spatial resolution, which is desirable for
dust modeling at regional scale. However, these data are sub-
ject to contamination by clouds and aerosols, with quasi per-
sistent missing data or low quality information in some re-
gions. From scatterometer observations (ASCAT), robust z0
estimates can be derived, with no contamination from the at-
mosphere, but with limited spatial resolution as compared to
the visible/near-infrared estimates.
Figure 4 compares the estimates from PARASOL and AS-
CAT, sorted by increasing values of the corresponding in situ
data. A good correspondence is obtained between the two
satellite products, despite their different spatial resolutions:
the agreement between the two satellite estimates is actually
better than the agreement between each satellite estimate and
the in situ measurements from which the regression has been
derived. The linear correlation between the two z0 retrieved
parameters is equal to 0.91, i.e. higher than the correlations
between the in situ z0 and each satellite information sepa-
rately (0.75 for PARASOL, and 0.85 for ASCAT). For pixels
withadisagreementbetweentheinsitudataandonesatellite,
the two satellite values agree well. Note that the uncertainty
on the in situ z0 estimate is not known and would be very
difﬁcult to assess. The good consistency between the two
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Fig. 5. Scatter plot of the modeled z0 estimates using ASCAT and
PARASOL simultaneously, versus the in situ z0 values reported
in (1) Marticorena et al. (2004), (2) Greeley et al. (1997), and
(3) Marticorena et al. (2006).
satellite retrievals for these selected sites suggests the pos-
sible merging of the two satellite information to beneﬁt from
their complementary strengths, at a global scale, namely the
spatial resolution on one side and the robustness to atmo-
spheric contamination on the other side. The mean spatial
variability of the PARASOL observations within a 25km
pixel is of the order of 1/4 of the mean k1/k0 value. Using
combined PARASOL and ASCAT observations at 6km spa-
tial resolution can help delineate ﬁne scale structures that are
not captured by ASCAT.
A bi-linear regression is computed between the z0 in situ
measurements on one hand and the PARASOL k1/k0 at
865nm and the ASCAT backscattering on the other hand.
Figure 5 presents the retrieval versus the in situ z0. The cal-
culated regression, representing 72% of the variance, is as
follows:
log(z0) = 2.31 + 0.32 × σ0 + 0.65 × k1

k0 . (2)
4 Aeolian roughness length estimate in arid and
semi-arid regions at global scale
Maps of z0 estimates are produced, from ASCAT and PARA-
SOL separately, and from their combination, using the previ-
ously established regressions (Fig. 6). Only regions with z0
lower than 0.1cm are represented, corresponding to arid and
semi-arid areas. Note that all regions with topographic fea-
tures, such as mountains, correspond to high z0 as expected.
For PARASOL, the averaged 2007–2008 winter observations
are considered, as the other periods of the year can be con-
taminated by aerosols. Snow areas are ﬁltered out, using the
National Snow and Ice Data Center (NSIDC, University of
Colorado) (Armstrong and Brodzik, 2005). For ASCAT, z0
Fig. 6. (A) z0 (cm) estimated from PARASOL only, (B) z0 (cm) es-
timated from ASCAT only, (C) z0 (cm) estimated from both PARA-
SOL and ASCAT (when no PARASOL data, z0 derived from AS-
CAT only), (D) map of the FAO for “sand dunes and shifting sands”
(blue) and “rock debris and desert detritus” (red) (FAO, 2003),
(E) map of the erodible surfaces (Koven and Fung, 2008, Fig. 5a).
is estimated from the yearly average (July 2007–June 2008):
this makes it possible to have a better coverage of the areas
that are snow covered during the winter, as compared to the
PARASOL selection. For the PARASOL-ASCAT combina-
tion, the ASCAT data is averaged over the full year, whereas
the PARASOL information comes from the winter months
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only, as the PARASOL data for the other months are too
noisy. We are aware that the roughness length in arid and
semi-arid areas can undergo temporal variability. Vegetation,
agriculturepractices,orevenchangesindunepatternsordust
deposition following an aerosol event can affect the rough-
ness length. In a previous study using active microwave only
(Prigent et al., 2005), we analyzed the temporal variability
of the roughness length. In this study, in order to beneﬁt
from the high spatial resolution from the visible, the analysis
has to be retricted to November–February, when the atmo-
spheric dust contamination is more limited for the visible ob-
servations. The ASCAT data is projected onto the PARASOL
grid, using distance-weighted means to the closest neighbors.
When the PARASOL observations are not present (because
of cloud contamination or snow for instance), z0 is retrieved
from ASCAT observations only.
Thez0 derivedfromPARASOL(6km)showstheexpected
structures over the very arid regions (Fig. 6a), such as the
Sahara or the Taklamakan. Similar results were observed by
Marticorena et al. (2004) and Laurent et al. (2005). Regions
that are likely rather wet, such as India, west China, or west
Africa below 10◦ N also produce low z0 (note that so far,
the z0 visible/infrared estimates were not shown in the lit-
erature outside the very arid regions). This suggests that the
visible/near-infrared observations are sensitive to other sur-
face parameters and cannot provide an unambiguous z0 es-
timate of arid and semi-arid regions globally, without addi-
tional ﬁltering.
The z0 derived from ASCAT (Fig. 6b) is very close to the
z0 derivedfromERSbyPrigentetal.(2005)with86%corre-
lation over the globe. A merged PARASOL-ASCAT z0 map
is produced at 6km spatial resolution (Fig. 6c). The major
spatial structures of the merged PARASOL-ASCAT map are
very similar to the ASCAT only map. Note that all erroneous
structures present on the PARASOL-only z0 estimates are
suppressed. The Parasol information does add some small
scale variability in the z0 estimation that can beneﬁt the
modeling activities at high spatial resolution. However, the
ASCAT-only dataset can be preferred for some applications,
as it can also provide a seasonal variability that Parasol can-
not offer because of atmospheric contamination part of the
year.
Figure 6d represents the Food and Agriculture Organiza-
tion classiﬁcation of some soil types (FAO, 2003). All “dunes
and shifting sand” areas delineated by the FAO are clearly
observed on Fig. 6c, without any spurious patterns. As ex-
pected, all desert regions do not have low roughness length,
and rocky deserts for instance such as the Tibetan plateau
do not appear on the ASCAT derived map. Note that the
threshold value of 0.1cm on the roughness length maps cor-
responds to the mean value plus one standard deviation of
the dunes and shifting sand unit, and is consistent with the z0
variation range for bare surfaces by Darmenova et al. (2009)
(see Table 2 in their paper). Figure 7 (top panel) shows the
histograms of the z0 derived from the PARASOL-ASCAT
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Fig. 7. Top panel: normalized histograms of the PARASOL-
ASCAT z0 estimates for “sand dunes and shifting sands” only, for
“rock debris and desert detritus” only, and for the remaining FAO
classes (FAO, 2003). Bottom panel: normalized histogram of the
PARASOL-ASCAT z0 estimates for the arid erodible surfaces, as
deﬁned by Koven and Fung (2008), as well as for all the remaining
surfaces.
combination for “dunes and shifting sands” only (FAO clas-
siﬁcation), for “rock debris and desert detritus” (FAO classi-
ﬁcation) only, and for the remaining FAO classes. The sand
dunes and shifting sands, as expected, show a very low ae-
olian roughness length, contrarily to rocky deserts (the two
histograms are well separated). The mean value plus one
standard deviation of the “dunes and shifting sand” unit is
equal to 0.11cm, consistent with the z0 variation range for
bare surfaces by Darmenova et al. (2009) (see Table 2 in
their paper). Koven and Fung (2008) developed an erodi-
bility index, to characterize wind erodibility as well as dust
production. It is based on slope and roughness calculations
at ∼5km, using statistics on a Digital Elevation Model at
∼30–100m scale from the Shuttle Radar Topography Mis-
sion. Figure 6e presents this geomorphologically-related in-
dex, where non-desert regions are masked (similar to Fig. 5a
from Koven and Fung, 2008). The very large dust sources
in the Bod´ el´ e region, in Malia/Mauritania, in Arabia, or in
the Taklamakan appear on both the erodibility maps and as
very low aeolian roughness length from PARASOL-ASCAT.
In addition, regions of low roughness lengths such as the
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surroundings of Lake Eyre in Australia, the North of the
Caspian Sea or South African deserts coincide with erodi-
ble areas, as deﬁned by Koven and Fung (2008), although
they did not appear on the FAO desert map. Figure 7 (bottom
panel) presents the histograms of z0 for the erodible surfaces
(as in Koven and Fung, 2008) as well as for all surfaces ex-
cept the erodible ones. The erodible surfaces are clearly as-
sociated to very low roughness lengths, without ambiguities
with other surface types.
5 Conclusions
In this study, we compare the potential of the visible/near-
infrared observations and microwave backscattering mea-
surements from satellite to estimate the aeolian aerodynamic
roughness length over arid and semi arid regions, at global
scale. We propose to merge the two sources of informa-
tion to beneﬁt from their complementary aspects, i.e. the
high spatial resolution of the visible/near-infrared and the
lack of sensitivity to atmospheric contamination of the ac-
tive microwaves. A global map of the aeolian aerodynamic
roughness length at 6km resolution is derived from coinci-
dent satellite observations and in situ roughness length mea-
surements. It is representative of the northern winter months,
when atmospheric contamination is minimum for the visi-
ble observations. The results are compared with success with
existing information on arid regions. The aeolian roughness
length dataset is available to the community, and will be soon
tested in global atmospheric dust transport models. For local
studies, more detailed analysis could be conducted and the
time variability of the satellite information could be studied
to examine potential changes of the roughness length with
vegetation, humidity or dust events.
The implementation of dust emission models in regional
or global models is very challenging. In land surface mod-
els, the aerodynamic roughness length is estimated to sim-
ulate the wind ﬁelds at mesoscales, not to parameterize the
dust source at aeolian scales. For instance, in the ECMWF
model, an aerodynamic roughness length is set to 1.3m in
deserts, at least two orders of magnitude larger than the typi-
cal values of aeolian roughness length. Efforts are underway
to relate these roughness length parameters and possibly har-
monize them (Darmenova et al., 2009). In a future study, re-
mote sensing observations will be analyzed to estimate the
aerodynamic roughness length for land surface models, and
possibly establish consistent scaling between the roughness
lengths suitable for dust modeling as well as for momentum
transfer in regional to global land surface modeling.
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